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Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the second leading cause of cancer mortality worldwide [1] . The incidence of HCC varies widely between geographic regions and is the highest in the Asia-Pacific region, where HCC is one of the leading public-health concerns [2] .
Studies have shown that overweightness is associated with the risk of cancers, such as HCC, and mortality [3, 4] . However, data regarding the association between overweightness and overall survival (OS) of patients undergoing curative resection for early-stage HCC are sporadic, and the results are controversial. Some studies have demonstrated that overweightness is a favorable factor for the OS of patients after hepatic resection [5] , whereas other studies indicate that overweightness has either no effect or a negative effect on the OS [6] [7] [8] [9] . Moreover, to the best of our knowledge, there are hardly any reports regarding the relationship between survival and overweightness in patients with HCC of intermediate-stages, such as Barcelona Clinic Liver Cancer (BCLC) stages B and C, who receive transcatheter arterial chemoembolization (TACE) as a standard therapy [10] [11] [12] . Only one study has specifically evaluated the impact of obesity on the short-term (1 month-2 months) radiologic outcomes in patients with HCC treated with TACE, and no data are available regarding the survival time [13] .
Moreover, weight loss during anticancer treatment has been reported to be a negative prognostic factor for the OS of patients with various types of tumor, other than HCC [14] [15] [16] . Nevertheless, the impact of weight loss after initial TACE on the prognosis of HCC remains unclear.
In the present study, we aimed to evaluate the long-term effect of overweightness and weight loss on the OS of patients with HCC of BCLC stage B or C after initial TACE in a large cohort.
Patients and methods

Patients and inclusion criteria
We reviewed the medical records of 1,370 consecutive patients who were diagnosed with HCC and received initial TACE in the Department of Hepatobiliary Oncology of Sun Yat-sen University Cancer Center (Guangzhou, China) between December 2009 and May 2015. This retrospective study was approved by the Institutional Review Board at Sun Yat-sen University Cancer Center.
Baseline examinations were performed in the week prior to TACE and included the following parameters: serum liverfunction tests (alanine aminotransferase [ALT], aspartate aminotransferase [AST], alkaline phosphatase, total bilirubin [TB], and albumin [ALB]); creatinine levels; prothrombin time (PT); activated partial thromboplastin time (APTT); alpha-fetoprotein (AFP) levels; complete blood counts; serum HBV DNA quantification; detection of hepatitis B surface antigen (HBsAg), hepatitis B surface antibody (HBsAb), hepatitis B core antibody (HBcAb), hepatitis B e antigen (HBeAg), hepatitis B e antibody (HBeAb), and anti-hepatitis C virus (HCV) antibody (HCV Ab); and chest radiography. The diagnosis of HCC was based on the criteria established by the European Association for the Study of the Liver [17] . Tumor characteristics and BCLC stage were evaluated through imaging and/or intra-operative observation.
The inclusion criteria were as follows: HCC patients that were initially treated with TACE, Child-Pugh class A or B liver disease, HCC of BCLC stage B or C, adequate renal function (serum creatinine <124 lmol/L), and good tolerance of TACE. Exclusion criteria were as follows: extra-hepatic tumor metastasis, history of prior anticancer treatment for HCC, Child-Pugh grade C liver function, any other malignancy, concurrent nonmalignant severe illness(es), missing weight-measurement data, or other relevant clinical information at baseline. A final total of 1,170 patients were enrolled in this study.
Measurement and grouping
The patients' baseline height and body weight were recorded in the week prior to TACE. The BMI of individuals was calculated as their weight (kg) divided by their height (m) squared and was categorized according to the Western Pacific Regional Office of WHO (WPRO) recommendations for the Asian population: underweight (<18.5 kg/m 2 ), normal weight (18.5 kg/m 2 -22.9 kg/m 2 ), overweight at-risk (23.0 kg/m 2 -24.9 kg/m 2 ), and obese (!25.0 kg/m 2 ) [18] . With respect to the OS, no difference was found between the overweight at-risk (23.0 kg/m 2 -24.9 kg/m 2 ) and obese (!25.0 kg/m 2 ) sub-categories. Furthermore, no difference was noted in the OS of underweight (<18.5 kg/m 2 ) and normoweight (18.5 kg/m 2 -22.9 kg/m 2 ) sub-categories ( Supplementary Figure 1 ). Therefore, we considered both overweight at-risk and obese sub-categories together as the overweight group (!23.0 kg/m 2 ), and the underweight and normal-range sub-categories as the non-overweight group (<23.0 kg/m 2 ). A similar method of grouping (overweight and non-overweight groups) has been widely used in other studies [5, 19] . The differences in the outcomes of the overweight and non-overweight groups were compared. For patients who required post-TACE treatment that necessitated rehospitalization, the post-TACE weight measurements were available (n ¼ 654), and the weight loss and weight gain could be calculated. The baseline and post-TACE body-weight measurements were designated as W0 and W1, respectively. The extent of weight change was calculated as a percentage using the following formula: (W1 À W0)/W0 Â 100%. For patients that did not receive subsequent treatment, the post-TACE weight measurements were unavailable, and the weight changes after initial TACE could not be calculated in the present study. We evaluated the follow-up serum ALB of HCC patients 1 month after TACE treatment (follow-up serum ALB data were available in 893 patients). Levels lower than 35 g/L of serum albumin were indicated as malnutrition as previously reported [20] [21] [22] .
Treatments TACE procedure TACE was performed as described previously [23, 24] . After the catheter tip was advanced into the tumor-feeding arteries, one or several chemotherapeutic agents mixed with lipiodol were slowly injected. Gelatin sponge particles were injected in some sessions if the territory corresponding to the chemoembolized artery did not show stagnancy of blood flow. The chemotherapeutic agents administered included epirubicin (60 mg/session) and/or mitomycin (6 mg/session), carboplatin (300 mg/session), lobaplatin (50 mg/session), and floxuridine (500 mg/session). The choice of the combinations of anticancer agents, lipiodol emulsion dosage, and gelform applied was made on a case-bycase basis. The cycles of TACE were recorded.
Subsequent treatment
After the initial TACE, the patients were followed up and received subsequent treatment as and when appropriate, including repeated TACE, local ablation, hepatectomy, or Sorafenib therapy, on a case-by-case basis. The subsequent treatment choices were based on tumor burden, liver function, and the patient's request. Specifically, hepatic resection was performed on patients whose tumor shrank and the gross residual lesion could potentially be resected. Local ablation (including radiofrequency ablation and microwave ablation) was offered to patients whose residual lesion was 3.0 cm and the procedure could potentially eliminate all gross lesions shown radiologically, usually when embolization was technically inaccessible. Repeat TACE at 6-week to 8-week intervals was offered to patients whose residual tumor enhancement and residual tumor vascularity could be seen on CT imaging or hepatic artery angiographs without contraindications to the repeat TACE. Contraindications to repeat TACE included (i) Eastern Collaborative Oncology Group (ECOG) score >2, (ii) deterioration of liver function to Child-Pugh C, (iii) severe extra-hepatic disease, (iv) portal-vein tumor thrombus with complete vessel obstruction, (v) technically inaccessible embolization (exclusive supply of the residual tumors by extra-hepatic collateral arteries, the catheter not able to reach the target hepatic artery, or obstruction of the tumor-feeding artery), and (vi) refusal for the subsequent TACE procedure. For patients with tumor progression without contraindications to TACE, repeat TACE combined with Sorafenib treatment was recommended. Patients who were not appropriate for any of the subsequent treatments above were recommended to receive Sorafenib. Conservative treatments were applied to patients with terminal HCC or ECOG score >2. Liver transplantation was not available in our institute, and none of the patients enrolled in the current study were offered to undergo liver transplantation. The follow-up period ended on 8 June 2018.
Statistical analysis
The demographic data (mean, standard deviation, and percentage) were collected and calculated. The analyses were conducted using the independent Student's t-test, ANOVA, and Chi-square test, as appropriate. Logistic-regression analysis was performed to identify the possible independent factors associated with the maintenance/improvement of nutritional status. Kaplan-Meier methods and log-rank tests were used for survival analysis. The OS was calculated from the date of initiation of TACE to the date of death or the last follow-up. The Cox proportional-hazards model was used for the univariate survival analysis to determine the association between the individual clinical variables and the OS. All variables with P < 0.1, in addition to age and sex, were subsequently subjected to multivariate Cox regression to determine the hazards ratios (HRs) and the independence of effects. The proportional-hazards assumption was checked by the graphic inspection of the linearity of the hazards over time, using log-log plots, and plotting Schoenfeld residuals over time. A P-value <0.05 was considered statistically significant. All statistical tests were two-sided. Data were analysed using the SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA).
Results
Study population and clinical features
The clinical features of the 1,170 patients who met the inclusion criteria are displayed in Table 1 . The patients included 1,061 men and 109 women, with a median age of 51.7 years. Further, 723 patients (61.7%) had a BMI of <23.0 kg/m 2 (forming the nonoverweight group) and 447 (38.3%) patients had a BMI of !23.0 kg/m 2 (forming the overweight group). In total, 504 patients received only a single cycle of TACE, without any additional treatment, whereas the remaining 666 patients received post-TACE treatment, including surgery, further TACE cycles, ablation, or Sorafenib treatment. In all, 174, 156, and 66 patients underwent surgery, ablation, and Sorafenib treatment after (Table 2 ). Multivariate analysis identified that the BMI was an independent prognostic factor for the OS (P < 0.001), together with AST, ALB, TB, AFP, and BCLC stage ( Figure 2A ). Univariate analysis identified that the following factors were significantly associated with the OS for patients with BCLC B-stage disease: diabetes; PT; APTT; serum levels of AST, ALT, ALB, TB, and AFP; and BMI. Multivariate analysis revealed that the BMI was an independent risk factor for the prognosis of HCC patients with BCLC stage-B disease (P ¼ 0.001), along with APTT and serum AST, ALB, TB, and AFP levels ( Table 3 ).
BCLC C-stage subgroup
In total, 398 patients had BCLC C-stage diseases. The MST was 8.7 months (95% CI, 6.6-10.8 months) in the overweight subgroup and 7.4 months (95% CI, 6.2-8.6 months) in the nonoverweight subgroup. The Kaplan-Meier analysis revealed that there was no significant difference in the OS between the overweight subgroup and the non-overweight subgroup among the patients with BCLC stage-C disease (P ¼ 0.089; Figure 2B ).
Stratified analysis based on the presence or absence of post-TACE subsequent treatment
The proportion of patients receiving subsequent treatment after initial TACE was unevenly distributed between the two groups. Subsequent treatment affected the OS. The MST in patients who received subsequent treatment (20.6 months; 95% CI, 18.0-23.2 months) was significantly longer than that in patients who did not receive additional treatment (6.6 months; 95% CI, 5.9-7.3 months; Supplementary Figure 2 ). Stratified analysis was performed according to whether post-TACE treatment was administered.
Subgroups with no subsequent treatment
Kaplan-Meier analysis revealed that there was no significant difference in the OS between the overweight group and the non-overweight group among patients who did not receive Figure 3A ).
Subgroups with subsequent treatment
In total, 666 patients received post-TACE treatment. Except for 12 patients whose weight measurements following the initial chemoembolization were missing, the post-TACE weight measurements of 654 patients were recorded before the subsequent treatment. Thus, the changes in weight could be calculated in these patients. Among the patients who received post-TACE treatment, the MST for the overweight group (26.4 months; 95% CI, 22.0-30.8 months) was significantly longer than that in the non-overweight group (16.9 months; 95% CI, 13.9-19.9 months; Figure 3B ). Furthermore, Kaplan-Meier analysis identified that the OS was longer among patients with weight loss <5% than among patients with weight loss !5% group (P ¼ 0.032; Figure 4 ). The MST of the groups with weight loss <5% and weight loss !5% were 23.1 months (95% CI, 19.6-26.6 months) and 14.4 months (95% CI, 10.7-18.1 months), respectively. Multivariate analysis revealed that both a BMI <23 and weight loss !5% were independent risk factors for the prognosis of HCC patients who received post-TACE treatment. The other independent factors significantly associated with the OS are summarized in Table 4 .
Discussion
In the present study, we found that overweightness was an independent positive prognostic factor for the OS of patients with HCC undergoing TACE as initial treatment. Overweight patients had a significantly longer OS and a higher proportion requiring post-TACE treatment than non-overweight patients. Among the patients who received further treatment, both the overweight and CWL subgroups showed a significant association with the OS. Obesity can lead to numerous neuroendocrine and immunological changes and contribute to the development of hepatic steatosis, fibrosis, and ultimately HCC [25] [26] [27] . However, the relationship between overweightness and the prognosis of HCC in patients remains controversial. In the current study, Cox multivariate analysis demonstrated that overweightness was an independent protective factor for improved OS in HCC patients who initially received TACE treatment. Consistently with our results, the findings of previous studies have demonstrated that overweightness or obesity is as an independent protective prognostic factor for improved tumor-specific survival in patients with other tumor types; this is despite the fact that obesity is a risk factor for the increased incidence of various cancers [28] [29] [30] . This phenomenon is referred to as the 'obesity paradox' in cancer [31] . Studies have revealed that non-overweight patients have a worse nutritional and physiologic reserve than overweight patients [5, 30] . Non-overweight patients were more susceptible to malnutrition than overweight patients, and studies have shown that malnourished patients experience more accidental treatment interruptions and have shorter OS [32] . Therefore, overweight patients might tolerate therapy better than non-overweight patients, which may ensure the patient's compliance until the required therapy is completed. In this study, we also found that the proportion of overweight patients receiving subsequent treatment after initial TACE was higher than that of non-overweight patients (63.5% vs 52.8%, P < 0.001) ( Table 1) . Therefore, the outcomes of treatment in such patients may be better than that of their non-overweight counterparts. Moreover, overweight patients are thought to have higher economic and educational status in some areas of China [30] . For these reasons, it may be reasonable to assume that overweight patients may be more likely to be able to afford and continue subsequent therapies than non-overweight patients. Additionally, weight is one of the most important factors for assessing malnutrition [33, 34] . Our analysis revealed that the factor of absence of CWL together with younger age ( 45 years) and higher BMI (!23 kg/m 2 ) was an independent favorable factor for the maintenance/improvement of nutritional status (Supplementary Table 1 ). Malnutrition might contribute to immune suppression. Mello and colleagues [35] suggested that protein malnutrition leads to increased blood levels of interleukin-10, which is regarded as an anti-inflammatory (tumorigenic) cytokine and causes tumor-specific T-cell immunity suppression and promotes cancer growth [36] [37] [38] . Therefore, patients with weight maintenance/overweightness are more likely to improve malnutrition and reduce immune suppression.
A recent meta-analysis study, which included 14 retrospective studies, showed that BMI is not an independent prognostic factor for the evaluation of prognosis, including the disease-free survival and OS of HCC patients who have undergone resection [39] . The discrepancy between the results of this meta-analysis and the current study may be attributed to several factors. Generally, the patients who are recommended to undergo surgical resection are at a relatively early stage of the disease, whereas the patients included in the current study who underwent TACE as initial treatment, rather than hepatectomy, had advanced tumor stages. Although the data on the general performance status were not described in these two studies, it may be reasonable to infer that the performance status of patients with early-stage disease who undergo resection would be better than that of patients with advanced stages of the disease. Third, no subsequent treatment is required after radical resection, while subsequent treatment is more common in patients receiving palliative TACE. Therefore, the tolerance of subsequent anticancer treatment may be more important in patients initially treated with TACE, with overweight patients possibly being more tolerant to subsequent treatments than non-overweight patients. However, the precise reason for the differences in the outcomes between surgical treatment and TACE treatment in HCC patients remains to be determined. Stratified analysis revealed that the OS was longer in overweight patients than in non-overweight patients among those with BCLC B-stage disease. Similarly, among patients with BCLC C-stage diseases, the OS in the overweight sub-category tended to be longer than that in the non-overweight sub-category, although the difference was not significant. The MST in patients with BCLC stage-C disease was 8.0 months (95% CI, 7.0-9.0 months), which was significantly shorter than that in patients with BCLC stage B (16.8 months, 95% CI, 14.9-18.7 months). We believe that the relatively short OS and the small number of patients with BCLC C-stage disease were the main reasons for the lack of a significant survival difference between the overweight and non-overweight patients.
In another stratified analysis, the MST in patients who received post-TACE treatment was 20.6 months (95% CI, 18.0-23.2 months), which was significantly longer than that in patients without subsequent treatment (6.6 months, 95% CI, 5.9-7.3 months). Among patients who did receive post-TACE treatment, the OS was longer in the overweight subgroup than in the non-overweight subgroup. However, no survival benefit of overweightness was found for patients who did not receive any treatment after TACE. As discussed above, overweight patients might tolerate therapy better and may receive adequate therapy; therefore, such patients may have better outcomes. Conversely, the effect of overweightness on the prognosis of patients who did not receive any treatment after TACE was not apparent due to the short OS.
Another independent risk factor for HCC patients receiving post-TACE treatment was CWL. The HR of death among patients with CWL was 1.339 (95% CI, 1.044-1.719; P ¼ 0.022). Consistently with our results for HCC patients, findings of previous studies that investigated other tumor types have also shown the prognostic value of weight loss. For example, Lu and colleagues [15] suggested that weight loss was independently associated with poor survival in patients with advanced esophageal squamous-cell carcinoma. Similarly, Brookman-May and colleagues [16] demonstrated that weight loss predicted the poor outcome of renal-cell carcinoma patients with a BMI of <30 kg/m 2 . Furthermore, Shen and colleagues [40] reported that excessive weight loss had a significant impact on the survival of patients with nasopharyngeal carcinoma. This negative influence of weight loss on cancer survival may be attributed to several factors. Weight loss has been reported to be associated with chemotherapy [14] . Although chemotherapy improves the prognosis in terms of tumor control, aggressive chemotherapy can lead to severe acute toxicities, which increase the patient's discomfort and difficulty with food intake. Insufficient food intake then impairs the immune system, which further promotes cancer progression [14, 41] . Moreover, patients without CWL might have a very tolerant nutritional status and may therefore have a better prognosis [42] . In fact, weight loss has been regarded as one of the hallmarks of cachexia, and cachexia was defined as weight loss greater than 5% [43, 44] . Cancer cachexia is observed in 80% of patients with advanced-stage diseases and is one of the crucial causes of cancer-related mortality [45, 46] . Previous studies demonstrated that nutritional intervention to weight gain improves the OS of HCC patients [47] [48] [49] . In this present study, we also found that HCC patients with weight gain >5% after TACE treatment have longer OS than those with weight gain 5% (including weight loss, weight maintenance, and weight gain 5%) ( Supplementary Figure 3 and Supplementary  Table 2 ). However, the exact mechanism by which nutritional intervention (aimed to fuel weight gain) improves the OS of HCC patients is unclear. One possible explanation is that hypoalbuminemia is an independent unfavorable factor of OS and/or recurrence rate for HCC [50] . Nutritional support for HCC patients significantly increases the serum albumin level, reduces the incidence of ascites or peripheral edema, and contributes to the improvement in malnutrition [49, 51, 52] . Second, glutamine, an amino acid, is used as a source of energy and nitrogen by rapidly dividing cells and cancer patients require more of this amino acid. Deficiency of glutamine may lead to changes in their immune status, the integrity of the intestinal mucous membrane, and protein-energy metabolism, contributing to cancer cachexia [53, 54] . Nutritional intervention with glutamine improves the metabolism and the clinical condition of the patient without increasing cancer growth and appears to support the efficacy of chemoradiotherapy treatment while reducing the toxicity of the tissues. Third, the patients receiving nutritional intervention with arginine and branched amino acid had a reduced occurrence rate of complications and length of hospital stay, and improved quality of life and treatment tolerance [49, 55, 56] .
In the current study, the HGB level (141.59 6 18.07) in the overweight group was significantly higher than that (137. 15 6 20.54) in the non-overweight group, which is consistent with previous studies [57] [58] [59] [60] [61] . In a cross-sectional study, the associations between hemoglobin and alcohol consumption or physical activity have been reported [58] . However, the exact mechanism by which overweight people have higher HGB than non-overweight people is not clear.
Our study has some limitations. First, all of the included patients were from a single center, and therefore it is necessary to determine how the results of this study can be extrapolated to other populations. Second, the post-TACE weight measurement of patients who did not receive subsequent treatment was not obtained. Therefore, the impact of weight loss on HCC patients who were treated with only a single cycle of TACE remains unclear. Third, and most importantly, the exact underlying mechanisms of the effects of overweightness and weight loss on the prognosis of HCC patients are unknown. Therefore, immunological and biological investigations are imperative to elucidate the underlying mechanisms.
In summary, our results demonstrate that overweightness is associated with longer OS of HCC patients undergoing TACE as initial treatment. Moreover, CWL was identified as a negative prognostic factor for HCC patients receiving further treatment after TACE. These data suggest that the nutritional status of HCC patients who are initially treated with TACE is significantly related to their survival, and therefore proper nutritional guidance should be provided for such patients.
